Introduction
.
In [24] . Experiments analysing hepatic injury were performed before collection of serum (liver-injury mouse serum, LIMS). Animals were housed under specified pathogen-free conditions. All animal experiments were performed in accordance with all legal regulations, which included approval by a local ethical committee.
the present study, we characterized peripheral blood MSCs (PB-MSCs) in the circulating blood by expansion in culture, and we showed the migration capability of these cells by in vitro chemotaxis, wound healing and tubule formation assays. The mBM-MSCs from donor enhanced green fluorescent protein (EGFP)-transgenic mice were also transplanted into liver-injured co-isogenic recipients, either by intra-bone marrow (IBM) injection or through caudal vein inoculation, for in vivo tracking analysis of the cell fate after transplantation. The donor-derived cells were examined by in vivo bio-imaging, PCR, flow cytometry and frozen section analyses; while the homing-related chemokines/cytokines and receptors were analysed by microarray and real-time PCR. Under liverinjured conditions, mBM-MSCs could migrate into peripheral blood and home towards the injured liver by chemoattraction mediated by stromal cell-derived factor (SDF)-1, chemokine (C-C motif) ligand (CCL)25, hepatocyte growth factors (HGF) and their receptors chemokine (C-C motif) receptor (CCR)9, chemokine (C-X-C motif) receptor (CXCR)4 and mesenchymal-epithelial transition factor (c-MET). The recruited mBM-MSCs may play different roles in injured liver, including hepatic fate specification and down-regulation of the activity of hepatic stellate cells (HSCs). We hope this finding may contribute to the better understanding of the interaction between stem cells and the environment that leads to homing and tissue integration. This knowledge will not only be beneficial for the improvement of existing cell-based therapeutic approaches, but also will allow interpretation of the possible involvement of MSCs in multiple tissue/organ development and regeneration.

Materials and methods
Experimental animals
Six-to 10-week-old female C57BL/6 and EGFP-transgenic male mice (C57BL/6 background) were obtained from Zhejiang Academy of Medical
Sciences (Hangzhou, People's Republic of China). Eight-week-old C57BL/6 female mice were subjected to acute liver injury by i.p. injection of CCL4 (20 l/g body weight, 10% solution mixed in mineral oil) twice over a 48-hr period
Isolation and culture of MSCs from bone marrow and peripheral blood
Mouse MSCs were prepared as described previously [4, 13] 
Boyden chamber assay
Migration was assayed using inserts with 8-m-pore membranes (Millpore, Billerica, MA, USA) as described previously [25] . Serum 
Assays for wound healing and in vitro tubule formation
Assays for wound healing and in vitro tubule formation were performed as described previously [25] . 
Intra-bone marrow injection and detection of donor-derived cells
Male EGFP-MSCs were delivered by IBM injection into each female C57BL/6 mouse as described previously [26] . Fig. 3A and B) . In separate experiments, livers were isolated and sectioned at days 3, 7 and 30 after IBM injection (Fig. 4) [27, 28] . As shown in Fig. 6 Fig. 7A and B) . (Fig, 8A  and B (Fig. 8C) . [29, 30] , was also significantly up- Fig. 9A, injured (Fig. 9B) . 
Expression analysis of chemokine receptors
Total RNA was isolated from MSCs induced by LIMS and from un-induced control cells. RT-PCR was initially performed for the analysis of chemokine receptor transcripts. The PCR primers are shown in
Statistical analysis
Statistical analysis was performed with SPSS version 16.0, and data were expressed as means Ϯ S.D. Differences between the values were determined by 2-tailed paired t-tests.
Results
Identification of migrated MSCs in the peripheral blood of liver-injured mice
Ϫ CD44 ϩ CD45 Ϫ CD73 ϩ CD90 ϩ CD105 ϩ SCA-1 ϩ STRO-1 ϩ . As shown in
In vitro migration assays
Further evidence that the migration of mBM-MSCs could be triggered by the liver injury signals was obtained by an in vitro
In vivo migration assay and detection of donor-derived cells
The migration of mBM-MSCs out of bone marrow to the injured liver was evident by the detection of donor-derived signals in bone marrow, peripheral blood and livers of all transplanted mice killed at 72 and 120 hrs after IBM injection (
In addition, Fgfr1IIIc, Fgfr2IIIc and c-Met were also detectable in cultured mBM-MSCs (Supplement 1). To identify the exact receptors involved in cellular recruitment in response to the liver injury signals, expression of the receptors examined above were further analysed after exposure of the mBMMSCs to LIMS. Expression of the entire range of receptors examined was up-regulated at the mRNA level to some extent
Microarray analysis for homing-related chemokines/cytokines
Microarray analysis showed that numerous chemokine/cytokine transcripts were up-regulated after CCL4-induce acute liver injury. Chemokines related to the receptors that were expressed on mBM-MSCs are listed in
-fold). However, their corresponding receptors on BM-MSCs did not substantially change after LIMS treatment. Because previous reports have shown that chemokines
Fig. 2 In vitro Cellular migration assays. (A) mBM-MSCs were exposed to HGF, HMS and LIMS in a Boyden microchemotaxis chamber to identify potential chemoattractants. Cells that had migrated towards the source of chemoattractant (lower chamber) by passing through a membrane filter (8 m) were visualized by crystal violet staining (original magnification, 40ϫ). (B) For 'wound healing' assays, confluent cell monolayers of mBM-MSCs were wounded by scratching with a pipette tip. After 20 hrs of stimulation with HGF, HMS, LIMS and FBS in culture medium, wound closure was documented photographically. These figures show one representative result out of five (40ϫ). (C) For in vitro capillary-like tube formation assays, EGFP ϩ BM-MSCs were plated on reduced growth factor Matrigel-coated plates as indicated. Nuclei were visualized by staining with DAPI. Phase contrast (40ϫ) and fluorescence microscopy (100ϫ) was performed after 20 hrs of incubation. Representative images of tubule formation from six independently experiments are shown. The mBM-MSCs had the most capillary-like tubule formation in 1% LIMS-containing medium, followed by 1% HMS and 25 ng/ml HGF. No tube formation was observed in the serum/cytokine-free culture conditions. and their receptors largely contribute to the initiation of inflammation, we supposed that these up-regulated chemokines may have been involved in the homing of leukocytes towards the wound sites, but only slightly contribute to the migration of MSCs. The expression of Hgf, a cytokine that is well known to augment cell migration, scattering and proliferation of many different cell types through HGF/c-MET axis
regulated (2.4-fold). These results indicated that Ccl25, Sdf-1 and Hgf may play essential roles in the recruitment of mBM-MSCs towards injured liver. To provide further evidence, the expression levels of these three chemokines/cytokines in injured livers were carefully examined by real-time PCR at different time-points. As shown in
Migration inhibition by blockage of chemokine/cytokine receptors
cells/field). On the other hand, treatment of mBMMSCs with a cocktail of anti-CCR9, anti-CXCR4 and anti-c-MET reduced the cellular migration by 80%, which was statistically significant (P Ͻ 0.01) (Fig. 10). Thus, blocking of CCR9, CXCR4 and c-MET strongly inhibited the migration of mBM-MSCs to LIMS, suggesting that CCR9, CXCR4 and c-MET expressed on mBM-MSCs might be instrumental for liver-targeted migration and homing of these cells.
Discussion
MSCs were initially identified from bone marrow, and later studies indicated the MSC compartment is more widely distributed (XI, XII) ALB (red), respectively. White arrows indicate the positive cells. The results shown are representative of at least five separate experiments.
Scale bars represent 20 m. [32, 34] (e.g. the colony-forming efficiency of PB CFU-Fs seems to increase in mice with phenylhydrazine-induced haemolytic anaemia [35] and in the growth factor-mobilized peripheral blood of breast cancer patients [36] (Fig. 11) [10, 13, 40, 41] .
Fig. 5 In vivo analysis of EGFP
Researchers have reported beneficial effects of MSC-based therapy on liver structural and functional repair [14, 17, 42] . However, the percentage of hepatocytes that trans-differentiated from donor-derived MSCs is at best very low [43] 
Supporting Information
Additional Supporting Information may be found in the online version of this article: 
